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Accumulat ion : A s  r e f e r r e d  t o  h e r e i n  t h i s  p e r t a i n s  t o  t h e  
number 6f parked  v e h i c l e s  w i t h i n  t h e  boundary 
of  a  s t o r e ' s  c a r  p a r k  a t  a  p a r t i c u l a r  p o i n t  
i n  t i m e .  A l s o  r e f e r r e d  t o  a s  "Pa rk ing '  
Accumula t ion" ;  however ,  t h e  number. o f  
*. 
.* 
Flow R a t e  : 
--
v e h i c l e s  i n c l u d e s  o n l y  s t a t i o n a r y  v e h i c l e s  
i e .  i t  e x c l u d e s  c i r c u l a t i n g  v e h i c l e s .  
( O K  " V e h i c l e  Flow" o r  "Flow") r e f e r s  t o  ' the  
number of  v e h i c l e s  e i t h e r  e n t e r i n g  o r  l e a v i n g  
("one-way" f l o w s ) ,  o r  - b o t h  e n t e r i n g  and 
l e a v i n g  i n  t h e  same s p a c e  o f  time ("two-way 
f l o w ) .  I n  t h i s  r e p o r t  1 5  m i n u t e  f l o w s  a r e  
g i v e n .  
C o r r e c t e d  Flow Index  (CRFI) : 
T h i s  i s  t h e  "Flow Index"  ( s e e  be low)  a d j u s t e d  
f o r  t h e  v a r i a t i o n  i n  t h e  l e v e l  o f  t r a d i n g  by 
b e i n g  m u l t i p l i e d  b y  t h e  "Level  o f  T r a d i n g  
I n d i c a t o r "  (see below).  
. C o r r e c t e d  P a r k i n g  Index  (CRPI) : 
The " P a r k i n g  Index"  (see be low)  a d j u s t e d  f o r  
t h e  v a r i a t i o n  i n  t h e  l e v e l  of  t r a d i n g  by 
b e i n g  m u l t i p l i e d  b y  t h e  "Level  of  T r a d i n g  
D u r a t i o n  : 
I n d i c a t o r "  (see below) .  
(o r  P a r k i n g  D u r a t i o n )  Is t h e  t ime  e l a p s e d  
b e t w e e n  a v e h i c l e  e n t e r i n g  and s u b s e q u e n t l y  
l e a v i n g  a  s to re ' s  car park .  By t h i s  
d e f i n i t i o n ,  d u r a t i o n  i n c l u d e s  t h e  t i m e  
v e h i c l e s  a re  b o t h  p a r k e d  and c i r c u l a t i n g  
w i t h i n  a  store's car park .  
Flow I n d e x  : 
-
T h i s  is t h e  maximum o b s e r v e d  two-way v e h i c l e  
f l o w  a t  a s t o r e d u r i n g  a g i v e n  t ime p e r i o d ,  
d i v i d e d  by t h e  r e t a i l  f l o o r  area (RFA) o f  t h e  
s to re  ( s q u a r e  metres) a n d  m u l t i p l i e d  by 100. 
T h i s  g i v e s  t h e  number o f  v e h i c l e s  (per g i v e n  
time p e r i o d )  per 100m2 RFA. 
- .  
G r o s s  L e a s a b l e  Area (GLA) : 
Is t h e  t o t a l  e n c l o s e d  a r e a  of  t h e  store. 
Parking Index : R e l a t i n g  t o  e i t h e r  observed or des ign  values .  
When observed,  t h e  Parking Index i s  the  maxi- 
mum park ing  accumulat ion ( s ee  above) d iv ided  
by t h e  r e t a i l  f l o o r  a r e a  (RFA) of the  s t o r e  
and m u l t i p l i e d  by 100 t o  g i v e  v e h i c l e s  per  
100m2 RFA. When s p e c i f i e d  a s  des ign  va lues  
Parking I n d i c e s  r e l a t e  t o  t h e  number of v e h i c l e  
s p a c e s  per  eg. 100m2 RPA t o  be provided a t  
t h e  proposed new s t o r e .  
.. ' *a*; , . '. l.. 
.. 
I' 
Peak Time- : 
-- Is ' t h e  " t i m e  ending" ( s ee  below) a t  which 
e i t h e r  t h e  peak accumulat ion or  
v e h i c l e  f l ow occurred.  Mean peak t ime  is t h e  
a v e r a g e  o f  t h e  peak  t i m e s  o b t a i n e d  a t  a  s e t  
of  s t o r e s  on  a  p a r t i c u l a r  d a y  o f  t h e  week 
( i e .  Thursday, Fr iday  o r .  Saturday) .  
R e t a i l  Floor Area (RFA) : 
---
Is t h e  i n t e r n a l  f l o o r  a r e a  of t h e  s t o r e  used 
f o r  s e l l i n g  and d i s p l a y i n g  goods. 
Supermarket : A s i n g l e  l e v e l ,  s e l f  s e r v i c e  s t o r e ,  supported 
by c a r  pa rk ing ,  o f f e r i n g  a s m a l l e r  range of 
merchandise  t han  a  " supe r s to re"  ( s ee  below) 
and having a  r e t a i l  f l o o r  a r e a  (RFA) of l e s s  
than  2500m2. 
Supers tore  : A s i n g l e  l e v e l ,  s e l f  s e r v i c e  s t o r e  o f f e r i n g  a  
wide range  of food and non-food merchandise 
w i t h  a t  l e a s t  2500m2 o f  r e t a i l  f l o o r s p a c e  and 
suppor t ed  by c a r  parking.  S t o r e s  w i t h  5000m2 
o r  more RFA a r e  commonly r e f e r r e d  t o  a s  
hypermarkets .  
Time Endinq : 
-
A t e r m  a p p l i e d  t o  a  t ime p e r i o d  t o  d e n o t e  t h e  
c lock  t i m e  a t  which t h a t  per iod  ended. Thus, 
a 1 5  m i n u t e  v e h i c l e  e n t r y  f l o w  a t  " t i m e  
ending" 1730 hours  means t h a t  50 v e h i c l e s  
e n t e r e d  a s t o r e ' s  c a r  park i n  t he  f i f t e e n  
minute  p e r i o d  ending a t  1730. 
(ii) 
T r a d i n g  I n d i c a t o r  : 
( o r  Leve l  o f  T r a d i n g  I n d i c a t o r )  A c o r r e c t i o n  
f a c t o r  a p p l i e d  t o  t h e  o b s e r v e d  p a r k i n g  and 
f l o w  i n d i c e s  t o  s i m u l a t e  " a v e r a g e "  v a l u e s  
l i k e l y  t o  b e  e n c o u n t e r e d  d u r i n g  a  t y p i c a l  
week-day; t h e  r e s u l t a n t  v a l u e s  a r e  t h e  
" C o r r . e c t e d " ~ : ~ a r k i n g  -. .,-: ( C R P I )  and. Flow I n d i c e s  
. .%_  
M a t h e m a t i c a l l y , -  t h e  
. . 
. .. 
. . 
'. 
tKe t o t a l  number ' o f .  
o r  t h e  s u r v e y  w'eefC 
weekly-.  number: _of - ' .  - 
, . - ' .  
. . . . y e a r  p r e c e h i n g  t h e  ... 
... 
- s u r v e y  w e e k .  
T h i s  r e p o r t  s e t s  o u t  t h e  m a i n  r e s u l t s  and  c o n c l u s i o n s  o f  a  
s e r i e s  of  v e h i c u l a r  a c t i v i t y , a n d  p a r k i n g  s u r v e y s  a t  t h i r t e e n  
conven ience  food s t o r e s  i n  West Y o r k s h i r e .  The s u r v e y s ,  c a r r i e d  
o u t  i n  t h e  p e r i o d  F e b r u a r y  - J u n e  1982,  were  u n d e r t a k e n  a t  
s t o r e s  r a n g i n g  from a  t y p i c a l  h i g h  s t r e e t  s u p e r m a r k e t  t o  l a r g e  
I 
. - 
s u p e r s t 0 r e . s .  Data on v e h i c u l a r  f l o w s  a n d - p a r k i n g  i n d i c e s  were  a 
. . 
o b t a i n e d  a t  t w e l v e  s t o r e s ;  i n  a d d i t i o n  r e g i s t r a t i o n  number 
s u r v e y s  were comple t ed  a t  t h r e e  s t o r e s  t o  a l l o w  c u s t o m e r  p a r k i n g  
d u r a t i o n s  t o  be d e t e r m i n e d .  
1.1 Background t o  t h e  s u r v e y s  
--
The work d e s c r i b e d  h e r e i n  f o r m s  p a r t  o f  a  w i d e r  s t u d y  i n t o  
s h o p p e r  t r a v e l  c h a r a c t e r i s t i c s ,  o n e  o f  t h e  a i m s  o f  which  is t o  
p r o v i d e  g u i d e l i n e s  and r e c o m m e n d a t i o n s ~ f o r  i n c l u s i o n  i n  c a r  
p a r k i n g  d e s i g n  s t a n d a r d s  f o r  r e t a i l  f a c i l i t i e s .  The r e s e a r c h  is 
: co-funded by t h e  S c i e n c e  and E n g i n e e r i n g  Resea rch  C o u n c i l  (SERC) 
and West Y o r k s h i r e  M e t r o p o l i t a n  County C o u n c i l  (WYMCC). 
1 . 2  O b j e c t i v e s  
The i n i t i a l  o b j e c t i v e s  o f  t h e  s u r v e y s  a t  t h e  c o n v e n i e n c e  
f o o d s t o r e s  were:-  
(1) To o b t a i n  peak p e r i o d  v e h i c u l a r  and s h o p p e r  f l o w  and 
p a r k i n g  a c c u m u l a t i o n  r a t e s .  
(2)  To o b t a i n ,  i n f o r m a t i o n  o n  p a r k i n g  d u r a t i o n .  
( 3 )  To u s e  t h e  r e s u l t s  o b t a i n e d  f rom (1) and (2) above  t o  
a s s i s t  i n  t h e  f o r m u l a t i o n  o f  d e s i g n  s t a n d a r d s  and p l a n n i n g  p o l i c y  
r ecommenda t ions  f o r  l a r g e  s u p e r m a r k e t s  and s u p e r s t o r e s .  
2.THE - SURVEYS 
2 .1  Data C o l l e c t e d  
-
The d a t a  c o l l e c t e d  c o n ~ p r i s e d  two  g r o u p s  which r e f l e c t e d  
o b j e c t i v e s  (1) a n d  ( 2 ) .  -. . 
Two a p p r o a c h e s  t o  t h e  c o l l e c t i o n  of d a t a  w e r e  adopted  a f t e r  
t h e  P i l o t  Survey  i n  Februa ry .  The f i r s t  app-roach (used  a t  t e n  of 
t h e  main s u r v e y  s t o r e s )  i n v o l v e d  a  s i m p l e  c o u n t  o f  v e h i c l e  f l o w s  
i n  and o u t  o f ,  and v e h i c l e  a c c u m u l a t i o n s  w i t h i n ,  t h e  s t o r e ' s  c a r  
p a r k s .  A v a r i a t i o n  o f  t h i s  f i r s t  a p p r o a c h , ,  u n d e r t a k e n  a t  two 
s t o r e s ,  was t o  c o l l e c t  a c c u m u l a t i o n  d a t a  o n l y ,  s i n c e  t h e i r  c a r  
p a r k s  had t o o  many e n t r y / e x i t  p o i n t s  t o  b e  c o v e r e d  b y  t h e  
a v a i l a b l e  man-power. The second approach  ( u n d e r t a k e n  a t  t h e  
p i l o t  s u r v e y  s t o r e  and two  o f  t h e  main s u r v e y  s t o r . e s )  cons is ' fed :  
o f  r e c o r d i n g  v e h i c l e  r e g i s t r a t i o n  numbers  t o  p e r m i t  t h e  
.. . 
d e t e r m i n a t i o n  of  ,. p a r k i n g  d u r a t i o n .   h he sedond  approdch  a l s o  
e n a b l e d  v e h i c l e  f l o w s  and a c c u m u l a t i o n s  t o  be  o b t a i n e d .  
The two s u r v e y  method a p p r o a c h e s  w i l l  h e n c e f o r w a r d  be 
d e s c r i b e d  a s  Type 1 f o r  t h e  f i r s t  app roach ,  and Type 2  f o r  t h e  
s e c o n d .  
2.2 Survey  P e r i o d  
The s u r v e y s  w e r e  e x e c u t e d  i n  t h e  p e r i o d  F e b r u a r y  t o  J u n e  
1982. A P i l o t  Su rvey  was c a r r i e d  o u t  i n  F e b r u a r y  t o  test t h e  
- v a r i o u s  d a t a  g a t h e r i n g  approaches .  The Main S u r v e y s  w e r e  
u n d e r t a k e n  c o n t i n u o u s l y  f r o m  t h e  b e g i n n i n g  o f  March - o n e  s t o r e  
p e r  week b e i n g  s u r v e y e d  e x c e p t  f o r  a  b r e a k  o f  f o u r  w e e k s  a r o u n d  
t h e  E a s t e r  p e r i o d .  
Every Main Survey  s t o r e  was  s u r v e y e d  on a  F r i d a y  and  
S a t u r d a y  and t e n  w e r e  a l s o  s u r v e y e d  on a  Thursday.  The s u r v e y s  
began a t  1600 h o u r s  on weekdays and 1000 h o u r s  o n  S a t u r d a y s .  
Where o n l y  s i m p l e  f l o w  and a c c u m u l a t i o n  d a t a  was c o l l e c t e d  (Type 
11,  t h e  s u r v e y s  f i n i s h e d  a f t e r  t h e  a c c u m u l a t i o n  had r e a c h e d  i t s  
peak and was d i m i n i s h i n g  - t h e  s u r v e y  f i n i s h i n g  u s u a l l y  n o t  
b e f o r e  1 9 3 0  o n  w e e k d a y s  ( t h e  c l o s i n g  t ime  f o r  a l l  t h e  s t o r e s  o n  
weekdays was 2000),  and  1230  o n  S a t u r d a y s .  The r e g i s t r a t i o n  
number s u r v e y s  (Type 2) began  a t  1600 h o u r s  and f i n i s h e d  a t  2000 
h o u r s  ( c l o s i n g  t i m e )  o n  T h u r s d a y s  and F r i d a y s ) ;  t h e  c o r r e s p o n d i n g  
t imes f o r  S a t u r d a y s  were 1000 and  1400 hour s .  
2.3 The S t o r e s  
-
Stoce  choice  c r i t e r i a  were evolved w i t h  r ega rd  t o  both t he  
o b j e c t i v e s  and t h e  f i n a n c i a l  and manpower c o n s t r a i n t s  on t h e  
s tudy .  
The s t o r e s  were l o c a t e d  i n  a  v a r i e t y  of s i t u a t i o n s  :- t h r e e  
of t h e  s t o r e s  ac ted  a s  t h e  anchor t r a d e r  i n  d i s t r i c t  c e n t r e  
complexes; a s  anchor t r a d e r  they  f u l f i l  t h e  predominant  t r a d i n g  
r o l e ,  sha r ing  t h e  complex wi th  o t h e r ,  s m a l l e r ,  r e t a i l  and non- 
r e t a i l  o u t l e t s .  Of t h e  o t h e r  s t o r e s ,  t h r e e  were i n  ' town-centre 
l o c a t i o n s ' ,  a d j a c e n t  t o  a  main shopping s t r e e t  o r  h igh  s t r e e t ;  
one o t h e r  s t o r e  was a l s o  i n  a  'high s t r e e t '  l o c a t i o n  b u t  was i n  a  
suburban a rea ;  t h e  remaining s i x  s t o r e s  were  i n  ' f r e e s t a n d i n g '  
suburban l o c a t i o n s  ( i e .  t hey  were not  locatecf w i t h i n  ea sy  walking 
d i s t a n c e  of any o t h e r  r e t a i l  o u t l e t s  which might  c o n s t i t u t e  an 
app rec i ab l e  shopping a t t r a c t o r ) .  
The c h a r a c t e r i s t i c s  of t h e  s t o r e ' s  ca tchment  p o p u l a t i o n s  
r e f l e c t  a  range of c a r  ownersh ip  r a t e s  and socio-economic s t a t u s .  
Two s t o r e s  were i n  o r  near  Wards of p a r t i c u l a r l y  h igh  c a r  
ownership  w i th  r e s p e c t  t o  t h e  County average,  t h r e e  s t o r e s  were 
i n  o r  near Wards of low c a r  ownership,  w h i l s t  t h e  r e m a i n d e ~  
were l o c a t e d  c l o s e  t o  p o p u l a t i o n s  of average  c a r  ownership. 
There is a  comparable p i c t u r e  when t h e  socio-economic 
s t a t u s  of t h e  s t o r e ' s  ca tchment  popu la t ions  i s  cons idered .  Two 
s t o r e s  were i n  Wards having a  much higher  p r o p o r t i o n  of 
p rofess iona l /manager ia l  people  than t h e  County average.  Three 
s t o r e s  were i n  Wards having an above average  pe rcen tage  of semi- 
s k i l l e d  and u n s k i l l e d  workers. The r e s t  of  t h e  s t o r e  catchment  
popu la t ions  conformed more c l o s e l y  t o  t he  County average.  
I n  r e l a t i o n  t o t h e  r o a d  n e t w o r k  e i g h t  o f t h e  s t o r e s  were  
l o c a t e d  on o r  near t o  l o c a l  d i s t r i b u t o r s ,  f o u r  were on pr i inary 
d i s t r i b u t o r s  (one o f  t h e s e  a r i n g  road) ,  and one s t o r e  was c l o s e  
t o  bo th  a l o c a l  d i s t r i b u t o r  and a  p r imary  r a d i a l  route .  
Table  2.1 g i v e s  t h e  p h y s i c a l  a t t r i b u t e s  and year  of  opening 
of each o f  t h e  s t o r e s .  *. . 
: T a b l e  2 . 1  P h y s i c a l  C h a r a c t e r i s t i c s  o f  t h e  S t o r e s  Su rveyed  and 
. t h e i r  Years o f  Opening. 
Note: RFA = R e t a i l  Floor  Area; GLA = Gross Leasable  Area 
. 2.4 P i l o t  Survey 
The P i l o t  S u r v e y  was  c a r r i e d  o u t  a t  S t o r e  1 o v e r  two  
consecut ive  days i n  February 1982 i n  o rde r  t o  t e s t  v a r i o u s  d a t a  
c o l l e c t i o n  approaches. Both manual and non-manual methods were 
evaluated t o  de te rmine  which ones  should be adopted g iven  t h e  
man-power and f i n a n c i a l  c o n s t r a i n t s  on t h e  study.  
Automatic v e h i c l e  d e t e c t i o n  appa ra tus  was t r i e d  d u r i n g  t h e  
p i l o t  survey but  was found t o  be unresponsive t o  t h e  low i n c i d e n t  
speeds of v e h i c l e s  a s  t h e y  c r o s s e d  t h e  appara tus '  tubes .  I t  was 
t h e r e f o r e  decided t h a t  t h e  use  of t h i s  appa ra tus  was n o t  
p r a c t i c a b l e  f o r  t h e  Main Surveys  and t h a t  manual methods on ly  
would have t o  be employed. However, t h e  l i m i t e d  manpower 
resources  a v a i l a b l e  meant t h a t  d a t a  p e r t a i n i n g  t o  shopper f l o w s  
and accumulat ions  could n o t  be  ob ta ined  wi thout  l o s s  of  d a t a  on 
veh icu la r  f lows  and accumula t ions  (un le s s  fewer s t o r e s  were t o  be 
surveyed). Consequently, i t  was decided that: i f  a reasonably  
l a r g e  sample of s t o r e s  was t o  be sampled, on ly  v e h i c u l a r  a c t i v i t y  
% 
d a t a  could be ob ta ined ;  hence, Ob jec t ive  1 (See S e c t i o n  1.2) was , 
amended t o  encompass v e h i c l e  f lows and accumula t ions  only .  
A f u r t h e r  consequence of adopt ing  manual methods was t h a t  
long t ime  pe r iods  f o r  r eco rd ing  were no t  p r a c t i c a b l e  since:-  
(i) manpower l i m i t a t i o n s ,  combined w i t h  t h e  number of 
s t o r e s  t o  be surveyed,  m i t i g a t e d  a g a i n s t  any form of " s h i f t "  
system being operated;  and 
(i i)  l o g i s t i c  problems a s s o c i a t e d  wi th  g e t t i n g  
:; obse rye r s  t o  and from t h e  s i t e s  precluded any a t t e m p t  a t  " f u l l '  
day" coverage.  
A p r i n c i p a l  o b j e c t i v e  o f  t h e  P i l o t  S u r v e y  was t o  t e s t  t h e  
R e g i s t r a t i o n  Number (Type 2) method of d a t a  c o l l e c t i o n .  General ly  
no major problems were encounte red  a l though  sometimes,  when 
v e h i c l e  f lows  became l a r g e ,  i t  was o f t e n  d i f f i c u l t  f o r  t h e  
obse rve r s  t o  record a l l  v e h i c l e  r e g i s t r a t i o n  numbers. (This 
problem was somewhat a m e l i o r a t e d  due t o  t h e  p r o p e n s i t y  f o r  queues 
t o  form a t  t imes  of heavy f low s o  p e r m i t t i n g  a  v i r t u a l l y  s t a t i c  
l i n e  of veh ic l e s  from which r e g i s t r a t i o n  numbers could be more 
: e a s i l y  obta ined) .  
- 2.5 Main Surveys 
The Main Surveys were  under taken d u r i n g  t h e  pe r iod  March - 
June 1982. These s u r v e y s  were c a r r i e d  o u t  w i t h o u t  major 
d i f f i c u l t y ;  a l though some s i t e s  p re sen ted  problems where t h e r e  
were  t o o  many e n t r y / e x i t p o i n t s  t o t h e  c a r p a r k  t o  be  c o v e r e d  by 
t h e  manpower a v a i l a b l e ;  i n  t h e s e  c a s e s  on ly  accumula t ion  d a t a  was 
ob ta ined .  
The Type 2 surveys  were more l abour  i n t e n s i v e ,  n e c e s s i t a t i n g  
one observer  per v e h i c l e  f l ow d i r e c t i o n  a t  each c a r  park a c c e s s  
po in t .  S t o r e s  1 and 6 r e q u i r e d  two o b s e r v e r s  w h i l s t  S t o r e  10 
needed four.  The Type 1 s u r v e y s  g e n e r a l l y  r e q u i r e d  o n l y  one 
ob'server, al though two o b s e r v e r s  were needed a t  two of t h e  
s t o r e s .  
The methods f o r  t h e  d a t a  c o l l e c t i o n  have been mentioned i n  
S e c t i o n  2.4 ( P i l o t  Survey). E s s e n t i a l l y  t h e  Type 1 su rveys  
e n t a i l e d  f i r s t  ob t a in ing  an  i n i t i a l  va lue  of accumula t ion  (by a  
. Simple count of parked v e h i c l e s )  immedia te ly  b e f o r e  t h e  s t a r t  of 
. . 
t h e  survey period proper.  The v e h i c l e  f low d a t a  (both in f low and 
ou t f low)  were obta ined us ing  hand t a l l y  c o u n t e r s  and aggregated 
over f i v e  minute per iods .  A t  ha l f -hour ly  i n t e r v a l s  t h e  v e h i c l e  
f low recording was h a l t e d  and a  "bea t"  su rvey  c a r r i e d  o u t  t o  
check the  parking accumulat ion w i t h i n  t h e  nex t  f i v e  minute 
period.  This  procedure was repea ted  u n t i l  t h e  accumulat ion had 
passed the  peak value. The s e s s i o n  was completed a f t e r  a  f i n a l  
.' :. . .::i;* 
"beat" survey was- under taken - - a g a i n  t o  check parktng : 
accumtil'ition. Only d a r s  And l i g h t  goods v e h i c l e s  were recorded 
dur ing  these  surveys.  
.I* . 
The Type 2 surveys  were a l s o  commenced by o b t a i n i n g  the  
" i n i t i a l "  value  of park ing  accumulation.  For t h e s e  surveys  
however, t h e  major p a r t  of t h e  work involved .recording of 
r e g i s t r a t i o n  numbers ( t h e  number and r e g i s t r a t i o n  year  l e t t e r  
p a r t  only)  of veh ic l e s ,  a s  w e l l  a s  t h e  v e h i c l e  type and 
occupancy. A s  w i t h  t h e  Type 1 su rveys ,  subsequent  check va lues  
of accumulation were ob ta ined  by " b e a t s '  a t  ha l f -hour ly  
i n t e r v a l s .  A t  the  end of t h e  su rvey  p e r i o d s  a  " f i n a l "  va lue  of 
accumulation was ob ta ined  from a  "bea t"  survey. 
2.6 Level of Trading I n d i c a t o r .  
--
Because of the  v a r i a b i l i t y  i n  t h e  l e v e l  of t r a d i n g  of t h e  
s t o r e s  from week t o  week, a  "Level  of Trading Indicator ' '  was 
ob ta ined  f o r  each s t o r e .  T h i s  I n d i c a t o r  was based on t h e  r a t i o  of  
t h e  number of customer t r a n s a c t i o n s  f o r  t h e  survey  week r e l a t i v e  
t o  t h e  weekly average f o r  t h e  preced ing  year. 
I n  most ca ses  an a c t u a l  f i g u r e  f o r  t h i s  r a t i o  was ob ta ined  
from t h e  r e spec t ive  s t o r e  o p e r a t o r s  o r  managements. For two 
s t o r e s ,  however, i t  was n e c e s s a r y  t o  i n f e r  a f i g u r e  f o r  t h e  
I n d i c a t o r  from a  q u a l i t a t i v e  (non-numeric) assessment  o f  t h e  
l e v e l  o f  t r a d i n g  given by t h e  s t o r e  o p e r a t o r s  concerned. 
The p a r k i n g  and f l o w  i n d i c e s  i n  t h i s  r e p o r t  h a v e b e e n  
a d j u s t e d  according t o  t h e s e  Level  of  Trading I n d i c a t o r s  s o  a s  t o  
g i v e  va lues  corresponding t o  an average  o r  " t y p i c a l "  week. Hence, 
t h e  parking f i g u r e s  given h e r e i n  a r e  t h e  "Corrected Parking 
- Index" (CRPI), w h i l s t  f o r  f l o w s  t h e  f i g u r e s  r e p r e s e n t  a  
"Cor rec t ed  Flow Index"  (CRFI). 
3 .  SURVEY RESULTS 
The f o l l o w i n g  t h r e e  s u b s e c t i o n s  s u m m a r i s e  t h e  main r e s u l t s  
o b t a i n e d : -  
(1) S u b - s e c t i o n  3.1 d e a l s  w i t h  v e h i c l e  a c c u m u l a t i o n  and 
.- 
.". ~ 
: .  . p a r k i n g  i n d - i c e s ;  
(2)  S u b - s e c t i o n  3.2 c o n s i d e r s  v e h i c l e  f l o w  and  f l o w  
i n d i c e s ;  
(3)  S u b - s e c t i o n  3.3 d e s c r i b e s  t h e  main f i n d i n g s  a s s o c i a t e d  
w i t h  v e h i c l e  p a c k i n g  d u r a t i o n s  a t  t h e  t h r e e  s t o r e s  where  
r e g i s t r a t i o n  number s u r v e y s  w e r e  c a r r i e d  out . '  
I t  s h o u l d  b e  n o t e d  a l s o  t h a t  w h e r e  a v e r a g e s  a r e  g i v e n  f o r  
p a r k i n g  o r  f l o w  i n d i c e s ,  t h e s e  have  been  d e r i v e d  f rom e v e r y  s t o r e  
a t  which  an Index  was o b t a i n e d  e x c e p t  one. (One o f  t h e  s t o r e s  h a s  
been  exc luded  from t h e  d a t a  set  d u e  t o  i t  d i s p l a y i n g  marked ly  
d i s s i m i l a r  v e h i c u l a r  a c t i v i t y  c h a r a c t e r i s t i c s  a l t h o u g h  i t  h a s  
been  i n c l u d e d  i n  t h e  p e a k  t i m e  d i s t r i b u t i o n s  and peak  mean t i m e  
c a l c u l a t i o n s ) .  Thus, f o r  t h e  p r e s e n t a t i o n  o f  p a r k i n g  i n d i c e s ,  
e l e v e n  main s u r v e y  s t o r e s  ( r e s u l t s  f rom t h e  p i l o t  s u r v e y  have  
been  e x c l u d e d )  make up t h e  d a t a  s e t  a l t h o u g h  f o r  T h u r s d a y s  t h i s  
is reduced  t o  n i n e  ; f o r  f l o w  i n d i c e s  t h e  d a t a  se t  c o n s i s t s  o f  
n i n e  s t o r e s ,  e x c e p t  f o r  T h u r s d a y s  where  t h e r e  a r e  o n l y  s e v e n  
s t o r e s  ( a g a i n ,  n o t  c o u n t i n g  t h e  d e l e t e d  s tore) .  For t h e  
d i s c u s s i o n s  on peak times, - a l l  t h e  s u r v e y e d  s t o r e s  have  been 
i n c l u d e d .  
3.1 P a r k i n g  Index  
3.1.1 P a r k i n g  Index  (CRPI) 2 Day -- o f  Week 
T a b l e  3.1 g i v e s  t h e  mean v a l u e  of CRPI and  i t s  r a n g e  for  
e a c h  o f  t h e  s u r v e y  d a y s  of t h e  week. 
- 
3.1 .2  Peak Parking Accumula t ion  Times 
The d a t a  c o l l e c t i o n  and p r o c e s s i n g  was d e s i g n e d  t o  p e r m i t  
p a r k i n g  a c c u m u l a t i o n  a t  f i v e  m i n u t e  i n t e r v a l s  t o  b e  o b t a i n e d ;  
t h e r e f o r e  if was p o s s i b l e  t o  i d e n t i f y  t h e  p r e c i s e  t i m e  a t  which 
t h e  peak  occur red .  
T a b l e  A2.1 ( s e e  Appendix 2) shows t h e  d i s t r i b u t i o n  of t h e  
number of  s t o r e s  whose p e a k  p a r k i n g  a c c u m u l a t i o n  and two-way 
v e h i c l e  f l o w  ocrzutred -w<t~i$%k t i m e  p e r i o d s  g i v e n  ( t h e  two-way 
f l o w  d i s t r i b u t i o n s  a r e  d i s c u s s e d  i n  3.2.2). The mean times o f  
", A t h e  peaks  a r e  g i v e n  i n  p a r e n t h e s e s .  
The tendency ,  a s  e x h i b i t e d  by t h e  d i s t r i b u t i o n s  i n  T a b l e  
A2.1, f o r  p a r k i n g  a c c u m u l a t i o n  and  two-way f l o w  t o  peak  c l o s e l y  
i n  t i m e ,  s u g g e s t s  t h a t  t h e s e  v a r i a b l e s  were c o r r e l a t e d .  A 
r e g r e s s i o n  a n a l y s i s  ( t h e  r e su l t s  o f  which a r e  g i v e n  i n  Appendix 
1.3) be tween p a r k i n g  a c c u m u l a t i o n  and two-way f l o w  a l s o  showed 
t h a t  a  s t a t i s t i c a l l y  good r e l a t i o n s h i p  e x i s t e d  b e t w e e n  t h e s e  
v a r i a b l e s .  
The mean t i m e  f o r  peak  a c c u m u l a t i o n  o n  S a t u r d a y ' s  w a s  a 
- l i t t l e  b e f o r e  noon;  t h e  r a n g e  o f  t i m e s  f o r  t h i s  d a y  was t h e  
s m a l l e s t  o f  t h e  s u r v e y  days :  1 hour  compared w i t h  2.5 and 3.0 
h o u r s  f o r  F r i d a y  and T h u r s d a y  r e s p e c t i v e l y .  T h i s  s m a l l e r  r a n g e  
p o s s i b l y  r e f l e c t s  t h e  p r o p e n s i t y  o f  many S a t u r d a y  s h o p p e r s  t o  do 
t h e i r  food and g r o c e r y  s h o p p i n g  a round  t h e s e  times - a n  a s p e c t  of  
s h o p p e r  behaviour  which ,  it is t h o u g h t ,  c o n t r i b u t e s  toward  t h e  
h i g h e r  p a r k i n g  demand o f  many o f  t h e  s t o r e s  o n  t h i s  day. 
3 .1 .3  Comparison w i t h  R e s u l t s  - from o t h e r  R e s e a r c h  
P u b l i s h e d  v a l u e s ,  f o r  P a r k i n g  I n d e x  and peak  time, o b t a i n e d  
i n  p r e v i o u s  s t u d i e s  a r e  p r e s e n t e d  i n  T a b l e  3.2, t o g e t h e r  w i t h  t h e  
v a l u e s  o b t a i n e d  i n  t h i s  s t u d y .  A l l  t h e  s tores  are  i n  t h e .  
s u p e r m a r k e t / s u p e r s t o r e  s ize  r a n g e  and v a l u e s  f o r  F r i d a y  and 
S a t u r d a y  a r e  shown. 
T a b l e  3.2 shows t h a t  t h e  r a n g e  o f  P a r k i n g  I n d e x  (CRPI) 
v a l u e s  o b t a i n e d  i n  t h i s  r e s e a r c h  is comparable w i t h  t h a t  o b t a i n e d  
.-. . 
f rom p r e v i o u s  work e l s e w h e r e .  However, w h i l s t  r e s u l t s  f o r  t h i s  
research showed that Saturday tended to predominate as peak day, 
(two-thirds of the stores experienced their peak parking 
accumulation on this day), the previous studies are more evenly 
split with Saturday being the peak day for four cases and Friday 
-for three. In addition, the numerical difference in Parking 
Index between days for individual stores in the previous studies, 
was, in most cases, smaller than in this study. 
- Table 3.2 Published Values of Parking Index and Peak Times for 
Supermarkets and Superstores in the U.K. 
Day of Week and RFA Date of Parking Peak Time 
Store Location (m2) Survey Index 
FRIDAY 
Co-op, Cambridge 1550 July171 . 8.9 
Tesco, Finchley 4250 May '79 7.9 
Cartiecs, Sidcup 2320 Nov178 5.4 
Fine Fare, Stirling 3160 Apr ' 75 5.2 
Gem, Crossgates 3530 June173 4.6 
Asda, Gwent 3720 July'77 13.9 
Leo's, Pyle 2790 Sept'76 9.2 
Asda, Pudsey 4929 Jan' 80 6.7 
Co-op, Knaresborough 1116 Oct179 8.9 
This Research 1096-4929 Feb-June'82 4.3-10.0 
Mean = 7.2 
SATURDAY 
Co-op, Cambridge 1550 July'71 4 - 8  1100 
Fine Fare, Stirling 3160 Apr ' 75 5.4 1530 
Gem, Crossgates 3530 June'73 4.7 1100 
Asda, Gwent 3720 July'77 14.0 -- 
Leo's, Pyle 2790 Sept'76 8.9 -- 
Asda, Pudsey 4929 Ju1'80 7.0 1100-1130 
Co-op, Knaresborough 1116 Jun' 80 7.6 1100-1130 
This Research 1096-4929 Feb-June'82 3.5-11.4 1143* 
Mean = 7.7 
*Mean Valce 
3.2 Vehicle Flows 
3.2.1 Flow Index (CRFI) 5 Day of Week 
- -- 
Table 3.3 shows the mean value of CRFI and its range for 
each survey day. From this Table it can be seen that although 
Saturday gave the highest mean value for CRFI, Friday provided 
the widest range. It is also of interest to note that on 
Thursday and Saturday 44%, and-on Saturday 62% of the stores are 
.within twenty-five percent of the mean. 
T a b l e  3 . 3  Mean and Range of  C R F I  by Day o f  t h e  Week. 
Day o f  No. s t o r e s  Mean Range N o - s t o r e s  i n  
t h e  week ' i n  s ample  CRFI o f  CRFI t h e  r a n g e  
Mean CRFI+25% 
Thursday  . 9  5 .17  2.68 - 8.67  4 
F r i d a y  8 5 .90  3.25 - 11.59  5  - 1 I S a t u r d a y  9 6.19 2.87 - 1 0 . 2 2  " 4 I 
S a t u r d a y  was t h e  peak  day  f o r  f i v e  s t o r e s  w i t h  F r i d a y  b e i n g  
a  peak  day f o r  t h r e e  o t h e r s .  One s t o r e  had e x a c t l y  t h e  same 
maximum 1 5  m i n u t e  two-way f l o w  on b o t h  F r i d a y  and  S a t u r d a y .  
Fo r  t h e  t i m e  p e r i o d s  i n  which t h e  peak  1 5  m i n u t e  two-way 
f l o w s  o c c u r r e d  a t  e a c h  o f  t h e  s t o r e s ,  t h e  r a t i o s  : 
I n f l o w  / peak two-way f l o w ;  and 
Ou t f low / peak two-way f l o w ;  
.. were d e r i v e d  t o  d e t e r m i n e  whe the r  I n f l o w  w a s  l a r g e r  t h a n  O u t f l o w  
( o r  v i c e  v e r s a ) ,  o v e r  t h e  t i m e  p e r i o d  i n  w h i c h  t h e  p e a k  two-way 
f l o w  o c c u r r e d .  When a v e r a g e d  o v e r  a l l  t h e  s to res  t h e  r a t i o s  were 
v e r y  c l o s e  t o  0.5; i n d i c a t i n g  t h a t  a t  t h e  t ime o f  peak 1 5  m i n u t e  
---- -
two-way f l o w ,  I n f l o w  and Ou t f low r a t e s  were a l m o s t  i d e n t i c a l .  
3.2.2 - Peak V e h i c l e  Flow Times 
T a b l e  A2.1 ( s e e  Appendix 2) shows t h e  number o f  stores whose 
peak  1 5  m i n u t e  two-way f l o w  ended i n  t h e  t i m e  p e r i o d s  g i v e n .  The 
d i s t r i b u t i o n  f o r  p a r k i n g  a c c u m u l a t i o n  is a l s o  shown f o r  
compar i son .  (The d i s t r i b u t i o n s  f o r  peak two-way f l o w  i n  T a b l e  
A2,.1 a r e  a l s o  d i s c u s s e d  i n  3.1.2). 
T a b l e  A2.2 shows,  f o r  1 5  m i n u t e  i n f l o w  and o u t f l o w ,  t h e  
number  o f  s t o r e s  w h o s e  p e a k s  e n d e d  i n  t h e  t i m e  p e r i o d s  g i v e n .  I t  
is a p p a r e n t ,  o n  c o m p a r i s o n  w i t h  T a b l e  A2.1, t h a t  t h e  p a t t e r n s  f o r  
peak  i n f l o w  and o u t f l o w  are  s i m i l a r  t o  t h o s e  o f  p e a k  p a r k i n g  
a c c u m u l a t i o n  and two-way flow,- i n  t h a t  t h e  mean t i m e  f o r  F r i d a y  
was, a g a i n ,  e a r l i e r  t h a n  f o r  Thursday.  The t e n d e n c y  for t h e  
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T ble 3.4 Peak Hourly Flow Indices (Two-way vehicles per 100 3 m ) from Previous Work and This Research 
Store Name and Location RF$ Date of Flow Index 
(m 1 Survey 
STORES WITHOUT PETROL OR ADDITIONAL FACILITIES 
Carrefour, Caerphilly 5115 16.74 
Gem, Leeds 3534 June' 73 22.28 
Fine Fare, Sticling 3162 Apr '75 13.48 
Leo's, Pyle 2790 Sept' 76 23.52 
Co-op, Knsresborough 1116 OctV79? 32.62 
STORES WITH PETROL AND 
Carrefour, Caerphilly 
Carrefour, Bristol 
Carrefour, Minworth 
Carrefour, Eastleigh 
Tesco, Irlam 
Asda, Gwent 
Asda, Llandudno 
Asda, Pudsey 
ADDITIONAL FACILITIES 
5115 26.44 
8370 19.80 
6510 Dec'77 27.90 
4650 29.24 
8370 14.32 
3720 July177' 23.12 
2790 Aug'78 33.86 
4929 July '80? 21.92 
THIS RESEARCH (8 stores*) 1096-4929 Feb-June182 12.01-38.32 
Mean=20.64 
5 stores in range Mean+25% 
7 stores in range ~eanT50% 
- 
. * Values are for Friday and includes one store with petrol 
facilities. Mean = 21.43 if store with petrol facilities 
excluded. 
Table 3.5 Mean Parking Duration by Store and by Day of Week 
Store No. & Store Day of week Mean Parking Duration 
Location Type RFA (,"2) (minutes) 
1 District 3010 Thursday 31 
Centre Friday 3 2 
6 Freestanding 4929 Thursday 4 0 
Friday 4 3 
Saturday 3 7 
10 District 2108 Thursday 36 
Centre Friday 4 3 
Saturday 41 
Table 3.6 Mean Parking Durations at Other Stores in the UK 
DURATION IN MINUTES 
Store and Location RF9 Midweek Friday Saturday (m 1 
Gem, Crossgates 3530 - - 34 3 2 
Fine Fare, Stirling 3160 - 4 1 4 9 4 9 
Cartiers, Sidcup 2320 -- 41 -- 
Tesco, Finchley 4250 4 4 5 4 -- 
Asda, Pudsey 4929 45 -- 41 
Co-op, Knaresborough 1116 3 0 -- 2 4 
c o m p a r a t i v e  s i z e  ( a g a i n ,  a  r e f l e c t i o n  of  t h e  h i g h  v e h i c u l a c  
a c t i v i t y  r a t e s  p e r  u n i t  a r e a  o f  f l o o r s p a c e  a s s o c i a t e d  w i t h  
s m a l l e r  s t o r e s ) .  
3.3 Pa rk ing  D u r a t i o n  
Data f rom t h e  r e g i s t r a t i o n  number s u r v e y s  ( c a r r i e d  o u t  a t  
s t o r e s  1, 6  a n d  1 0 )  w e r e  a n a l y s e d  u s i n g  a  number  p l a t e  m a t c h i n g  
program s u p p l i e d  by t h e  T r a n s p o r t  and Road R e s e a r c h  L a b o r a t o r y  
(TRRL). The program o u t p u t s  i n f o r m a t i o n  o n  mean p a r k i n g  d u r a t i o n  
and a l s o  g i v e s  f r e q u e n c y  d i s t r i b u t i o n s  o f  v e h i c l e s  pa rked  f o r  
s e l e c t e d  time i n t e r v a l s .  
I t  s h o u l d  be  n o t e d  t h a t  " p a r k i n g  d u r a t i o n "  is  d e f i n e d  a s  t h e  
t o t a l  time e l a p s i n g  be tween  a  v e h i c l e  e n t e r i n g  t h e  c a r  p a r k  and 
its d e p a r t u r e ,  and t h e r e f o r e  i n c l u d e s  c i r c u i a t i o n  t i m e .  
3.3.1 Mean P a r k i n p  D u r a t i o n  - and F requency  D i s t r i b u t i o n s  & Day - of 
Week a t  t h e  S u r v e y e d  S t o r e s  - a n d  O t h e r s  i n  t h e  UK 
--- 
T a b l e  3.5 s h o w s  t h e  mean p a r k i n g  t i m e  a t  e a c h  o f  t h e  s t o r e s  
by day  of w e e k .  F i g u r e s  3.1, 3.3 and  3.5 show t h e  p e r c e n t a g e  
: f r e q u e n c y  d i s t r i b u t i o n s  o f  p a r k i n g  t i m e s  a t  e a c h  o f  t h e  s t o r e s  on 
Thursday ,  F r i d a y  and S a t u r d a y  r e s p e c t i v e l y .  (The c o r r e s p o n d i n g  
c u m u l a t i v e  f r e q u e n c y  d i s t r i b u t i o n s  a r e  shown i n  F i g u r e s  3 .2 ,  3.4 
a n d  3.6). 
T a b l e  3.6 g i v e s  p a r k i n g  d u r a t i o n  f i g u r e s  f rom p r e v i o u s  
s t u d i e s  a t  s i x  UK s t o r e s .  A c o m p a r i s o n  be tween  T a b l e s  3.5 and 
3.6 shows t h a t  v a l u e s  o b t a i n e d  by t h i s  r e s e a r c h  a r e  b r o a d l y  i n  
a c c o r d  w i t h  f i n d i n g s  e l s e w h e r e .  The l o n g e s t  d u r a t i o n s  a r e  f o r  
F r i d a y  b u t  t h e c e  is no a p p a r e n t  r e l a t i o n s h i p  w i t h  s t o r e  s i z e ,  
a l t h o u g h  t h e  d u r a t i o n s  a t  t h e  l a r g e r  s t o r e s  are  a p p r e c i a b l y  
l o n g e r  t h a n  a t  t h e  s m a l l e s t  s t o r e  i n  T a b l e  3.6. 
The f r e q u e n c y  d i s t r i b u t i o n s  shown i n  F i g u r e s  3.1, 3.3 and 
3.5 r e f l e c t  c e r t a i n  c h a r a c t e r i s t i c s  of t h e  s u r v e y e d  sites. The 
d i s t r i b u t i o n s  a r e  p o s i t i v e l y  skewed and ,  i n  most cases, bimodal .  
B i m o d a l i t y  is most  a p p a r e n t  i n  t h e  d i s t r i b u t i o n  f o r  S t o r e  6  where  
p e t r o l  f a c i l i t i e s  were a v a i l a b l e  on s i te .  It is c l e a r  t h a t  t h e  
- 
. h i g h  p r o p o r t i o n  of  v e h i c l e s  h a v i n g  d u r a t i o n s  less t h a n  t e n  
m i n u t e s  (up t o  more t h a n  21% on S a t u r d a y )  a t  S t o r e  6 i s  a  
r e f l e c t i o n  o f  t h e  l a r g e  numbers  c a l l i n g  f o r  p e t r o l  o n l y .  A s  a  
r e s u l t  o f  t h e  many s h o r t  s t a y  v i s i t o r s  t h e  mean d u r a t i c n s  on 
e a c h d a y  f o r  S t o r e  6 a r e  l o w e r  t h a n  t h e y  w o u l d  o t h e r w i s e  h a v e .  
been. 
B i m o d a l i t y  is a l s o  a p p a r e n t  i n  t h e  p a r k i n g  d u r a t i o n  
d i s t r i b u t i o n s  f o r  S t o r e s  1 and 1 0 ,  a l t h o u g h  i t  i s  l e s s  marked and 
v i r t u a l l y  a b s e n t  f o r  t h e  l a t t e r  s t o r e  on Thursday .  The 
d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n s  be tween t h e s e  s t o r e s  may a l s o  be 
a t t r i b u t e d  t o  s i t e  c h a r a c t e r i s t i c s .  The d i s t r i b u t i o n  f o r  S t o r e  
1, l o c a t e d  as it  w a s  i n  a d i s t r i c t  c e n t r e  w i t h  many o t h e r ,  
s m a l l e r ,  u n i t s  ( r e t a i l  and n o n - r e t a i l )  and a  p u b l i c  house ,  shows 
a g a i n  a  h i g h  p r o p o r t i o n  o f  s h o r t  s t a y e r s ;  a c o n s e q u e n c e ,  
presumably ,  o f  v i s i t o r s  t o  t h e  o t h e r  o u t l e t s .  C o n v e r s e l y ,  t h e  
d i s t i n c t l y  more un imoda l  d i s t r i b u t i o n s  o b t a i n e d  a t  s t o r e  10 ,  a r e  
p o s s i b l y  d u e  t o  i t s  l o c a t i o n  i n  a  c e n t r e  h a v i n g  a s m a l l e r  number 
o f  u n i t s ,  where  t h e  ove rwhe lming  p redominance  o f  t h e  s t o r e  as  t h e  
- major  a t t r a c t o r  h a s  mean t  t h a t  t h e  p a r k i n g  d u r a t i o n s  o f  v i s i t o r s  
toithavesubsumedthoseofvisitors t o t h e  o t h e r  o u t l e t s  i n  t h e  
c e n t r e .  
3.4 Summary 
The f o r e g o i n g  d i s c u s s i o n  o n  t h e  s u r v e y  r e s u l t s  i n  S e c t i o n  3  
may be  summarised unde r  t h e  f o l l o w i n g  head ings : -  
1 Observed v a r i a b i l i t y  i n  P a r k i n g  and Flow I n d e x  b e t w e e n  
s t o r e s .  
(2) Times o f  Peak V e h i c u l a r  A c t i v i t y .  
( 3 )  Day o f  t h e  week o n  which Peak A c t i v i t y  o c c u r r e d .  
( 4 )  P a r k i n g  D u r a t i o n  Times. 
(5) Comparison w i t h  P r e v i o u s  S t u d i e s .  
(1) V a r i a b i l i t y  - i n P a r k i n q  -- and Flow I n d i c e s  Between S t o r e s  
The r e s u l t s  d i s p l a y e d  a m e a s u r e  o f  v a r i a b i l i t y  i n  b o t h  
P a r k i n g  (CRPI) and  Flow Index-(CRFI) be tween  s tores  w h i c h  was n o t  
. e x p l i c a b l e  o n  t h e  b a s i s  o f  s tore  s i z e  (RFA) a l o n e  (see Appendix  
A l . l  and A 1 . 2 ) .  I t  was con jec tu red  t h a t  o t h e r  f a c t o r s  such a s  
s t o r e  a c c e s s i b i l i t y  i n  terms of l o c a t i o n  and perce ived  ease  of 
access  ( inc lud ing  ease  of f i n d i n g  a  park ing  space)  a f f e c t  the  
d e g ~ e e  t o  which a  s t o r e  i s  pa t ron i sed .  Catchment popula t ion  
c h a r a c t e r i s t i c s  m u s t  a l s o  p lay  a  p a r t  where t h e  l e v e l  of car  
ownership i s  thought t o  be p a r t i c u l a r l y  impor t an t  i n  t h i s  
4 
r e s p e c t .  
However, t he  r e s u l t s  sh0we.d t h a t  t h e r e  was a  tendency f o r  11 
t h e  p a r k i n g  demand a t  l a r g e r  s t o r e s  t o  be  l e s s  p e r  u n i t  a r e a  o f  
r e t a i l  f loorspace  than a t  s m a l l e r  s t o r e s ;  ie. t h e  C R P I  a t  l a r g e r  
s t o r e s  was l e s s  than a t  sma l l e r  ones.  
A s  w i t h  CRPI, t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  i n  CRFI 
between s t o r e s .  However, s t o r e  s i z e  ( i n  t e r m s  of RPA) was found 
t o  exp la in  more of t he  v a r i a t i o n  i n  CRFI t han  it did  i n  CRPI. 
Given t h a t  cons ide rab le  v a r i a t i o n  i n  both  Parking and Flow 
Index occurred the  fol lowing p o i n t s  may be made:- 
(a )  Up t o  5 7 %  of t h e  s t o r e s ,  and n o t  l e s s  t h a n  36% of them, 
- had CRPI wi th in  25% of t h e  mean f o r  a g iven  su rvey  day. 
(b) Between 4 4 %  and 63% of  s t o r e s  (dependent on survey day) 
. had C R F I  with in  25% of t h e  mean. 
(2)  Times of Peak Vehicular  A c t i v i t y  
-- 
Again, v a r i a t i o n  was p r e s e n t  between t h e  s t o r e s  i n  t h e i r  
t imes  of peak parking accumulat ion and v e h i c l e  f low.  However, 
some gene ra l  p o i n t s  can be made:- 
( a )  Peak Parking Accumulation Times: 
(i) Resu l t s  f o r  Thursdays tend  t o  show t h a t  s t o r e s  
exper ience  peak t imes  l a t e r  t han  on Fr idays .  Some 70% of t h e  
s u r v e y e d  s t o r e s  had peaks  a f t e r  6.15 pm w h e r e a s  t h i s  was t r u e  of 
o n l y  33% of t he  s t o r e s  on Fr iday .  
(ii) Accumulation peak t imes were more concen t r a t ed  on 
Sa turdays  wi th  9 2 %  of s t o r e s  having peaks i n  t h e  hour ending 
12.15 pm. 
( b )  Peak Vehicle Flow Times 
(i) Thursday showed a  wider range  of peak a c t i v i t y  
t i m e s t h a n F r i d a y , w i t h  4 0 8 o f - t h e s t o r e s h a v i n g  t h e i r  peak 
a c t i v i t y  t i m e  a f t e r  6.30 pm. T h i s  i s  t o  be compared w i t h  none on 
F r i d a y .  
(ii) Some 40% of  t h e  s t o r e s  on Thursday ,  and 45% on 
F r i d a y  had t h e i r  peak  e a r l y  i n  t h e  e v e n i n g ;  ie. b e t w e e n  4.30 pm 
and 5.30 pm - t h e  n o r m a l  e v e n i n g  peak  p e r i o d .  
(iii) On S a t u r d a y  v i r t u a l l y  a l l  t h e  s t o r e s  had t h e i r  
peak a c t i v i t y  i n  t h e  morn ing :  30% be tween  10.30 a m  and 11.30 am, 
and 60% between 11.30 am. and 12.30 pm. 
( 3 ) -  Peak A c t i v i t y  
The peak  d a y  f o r  p a r k i n g  a c c u m u l a t i o n  was p r e d o m i n a n t l y  
S a t u r d a y  (73% of s u r v e y e d  s t o r e s ) .  Of t h e  s i x  f r e e s t a n d i n g  
s tores  su rveyed ,  F r i d a y  was t h e  peak day f o r  t h r e e  w i t h  S a t u r d a y  
t h e  peak d a y  f o r  t h e  r e m a i n i n g  t h r e e .  
The peak d a y s  f o r  1 5  m i n u t e  two-way v e h i c l e  f l o w  a l s o  t ended  
t o  be  S a t u r d a y  a l t h o u g h  t h i s  was t r u e  o f  o n l y  56% o f  t h e  stores.  
, ( 4 )  P a r k i n g  D u r a t i o n  
The a v e r a g e  d u r a t i o n s  o b t a i n e d  a t  t h e  t h r e e  s tores  s u r v e y e d  
r anged  f rom 3 1  t o  43 m i n u t e s .  These  f i g u r e s  a r e  b r o a d l y  i n  
a c c o r d  w i t h  e x p e c t a t i o n  when compared w i t h  p r e v i o u s  s t u d i e s .  No 
c o r r e l a t i o n  w i t h  s t o r e  s i z e  was  a p p a r e n t .  The f r e q u e n c y  
d i s t r i b u t i o n s  c l e a r l y  e x h i b i t e d  s t o r e  s i t e  c h a r a c t e r i s t i c s ;  i n  
p a r t i c u l a r  t h e  p e t r o l  s t a t i o n  f a c i l i t y  a t  s t o r e  6  p roduced  
marked ly  b imoda l  d i s t r i b u t i o n s .  The p r e s e n c e  o f  o t h e r  o u t l e t s  
was a l s o  s e e n  t o  a f f e c t  t h e  d i s t r i b u t i o n  o f  p a r k i n g  times. 
(5)  Comparison w i t h  P r e v i o u s  S t u d i e s  
T h e  r e s u l t s  o b t a i n e d  i n  t h i s  r e s e a r c h  h a v e  b e e n  s h o w n t o  b e  
comparab le  w i t h  t h o s e  o b t a i n e d  f rom s t u d i e s  e l s e w h e r e .  However, 
t h e  r e s u l t s  o f  t h i s  work have  shown g r e a t e r  v a r i a b i l i t y  b e t w e e n  
s tores  t h a n  m i g h t  have  been  e x p e c t e d  on t h e  b a s i s  o f  p r e v i o u s  
s t u d i e s .  Such v a r i a t i o n  may b e  l a r g e l y  a t t r i b u t e d  t o  t h e  greater 
v a r i e t y  o f  s tore  i n  t h i s  s t u d y  - a  m i x  of  f r e e s t a n d i n g ,  d i s t r i c t  
c e n t r e  and h i g h  s t r e e t  l o c a t i o n a l  t y p e s .  
4.GUIDELINES - FOR DESIGN 
4 . 1  G e n e r a l  P r o v i s o ' s  
The l a c k  of  a  s t r o n g  r e l a t i o n s h i p  be tween  P a r k i n g  Index  
( C o r r e c t e d  o r  Uncor rec t ed )  and R e t a i l  F l o o r  Area s h o u l d  induce  
c a u t i o n  when s p e c i f i c y i n g  I n d i c e s  based  on s t o r e  s i z e  a lone .  
However, it is common f o r  p l a n n i n g p r a c t i t i o n e r s  t o  s p e c i f y  
p a r k i n g  p r o v i s i o n  f o r  new' dev+lopments  on t h e  b a s i s  o f  '!£.1ii+iR* 
,. 
r a t e "  d e s i g n  s t a n d a r d s  based  on s t o r e  s i z e .  Hence, i t  i s  
c o n s i d e r e d  w o r t h w h i l e  t o  p r o p o s e  t e n t a t i v e  s t a n d a r d s  based  s i m p l y  
on r e t a i l  f l o o r  a r e a  a l o n e ,  w i t h  t h e  p r o v i s o  t h a t  u n t i l  f u r t h e r  
a n a l y s i s  on t h e  d a t a  is  c a r r i e d  o u t ,  " judgemen t"  w i l l  need t o  be 
e x e r c i s e d  i n  t h e i r  a p p l i c a t i o n .  
F u r t h e r  a n a l y s i s  t o  d e t e r m i n e  t h e  e f f e c t  o f  f a c t o r s  e x t e r n a l  
t o  t h e  s t o r e  s u c h  as  c a s  o w n e r s h i p ,  p u b l i c  t r a n s p o r t  s e r v i c e s  and 
soc io-economic  c h a r a c t e r i s t i c s  of  t h e  c a t c h m e n t  p o p u l a t i o n  have 
n o t  been  d e a l t  w i t h  h e r e i n  and c o n s e q u e n t l y  t h e i r  i n f l u e n c e  o n  
-- d e s i g n  s t a n d a r d s  r e m a i n s  i n d e t e r m i n a t e  u n t i l  f u r t h e r  a n a l y s i s  
i n c o r p o r a t i n g  them h a s  been  c a r r i e d  o u t .  I n  a d d i t i o n ,  t h e  - 
: i n f l u e n c e  of  s t o r e  a c c e s s i b i l i t y  and l o c a t i o n ,  e s p e c i a l l y  t h e  
p r o x i m i t y  t o  r e s i d e n t i a l  a r e a s  and n e i g h b o u r h o o d s  w i t h  h i g h  c a r  
o w n e r s h i p ,  t o g e t h e r  w i t h  i n t e r - s t o r e  c o m p e t i t i o n ,  r a n g e ,  v a r i e t y ,  
a n d  c h e a p n e s s  o f g o o d s ,  a n d  t h e  way i n  w h i c h  t h e s e  f a c t o r s  a r e  
p e r c e i v e d  by c u s t o m e r s ,  m u s t  a f f e c t  p a r k i n g  demand and v e h i c u l a r  
a c t i v i t y  a t  such  r e t a i l  f a c i l i t i e s .  
Wi th  t h e  f o r e g o i n g  c a v e a t s  i n  mind, P a r k i n g  I n d i c e s  a r e  
p roposed  i n  S e c t i o n  4.2 which a r e  " s l i d i n g  s c a l e "  v a l u e s  f o r  
c o n v e n i e n c e  f o o d - s t o r e s  i n  t h e  s i z e  r a n g e  1000 m 2  t o  5000 m 2  
R e t a i l  F l o o r  Area (RFA). The I n d i c e s  h a v e  been  d e r i v e d  f rom a n  
e x p r e s s i o n  r e l a t i n g  P a r k i n g  I n d e x  ( P I )  to  RFA, w h i c h  h a s  i n  t u r n  
been  d e r i v e d  from two h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p s  g i v e n  i n  
t h i s  report: one be tween e n t r y  f l o w  and  RFA o b t a i n e d  by T u r n e r  
( s e e  Appendix A1.2); t h e  o t h e r  be tween  Two-way f l o w  and Accumula t ion  
o b t a i n e d  by t h i s  r e s e a r c h  (see Appendix A1.3). The r e s u l t a n t  
e x p r e s s i o n  p r e d i c t s  P a r k i n g  I n d i c e s  b a s e d  o n  RFA a l o n e  and 
c o n s e q u e n t l y  d o e s  n o t  a l l o w  f o r  t h e  e f f e c t  o f  f a c t o r s  men t ioned  
1 
i n  t h e  f o r e g o i n g  p a r a g r a p h s  o f  t h i s  s e c t i o n .  T h e r e f o r e ,  t h e  
d e s i g n  PI  v a l u e s  i n  S e c t i o n  4.2 a r e  meant  a s  a n  i n d i c a t i o n  o n l y .  
I n  S e c t i o n  4.3 Peak Hour ly  Two-way Flows a r e  g i v e n  f o r  
s t o r e ' s  i n  t h e  same s i z e  range .  Again,  no a l l o w a n c e  h a s  been 
made f o r  t h e  f o r e g o i n g  f a c t o r s  and hence  are  f o r  o v e r a l l  g u i d a n c e  
o n l y .  
I n  S e c t i o n  4.4 some g u i d a n c e  a s  t o  t h e  l i k e l y  peak  d a y s  and 
t i m e s  is  g i v e n  and i n  S e c t i o n  4.5 t h e ' e f f e c t  on e v e n i n g  peak  
t r a f f i c  i s  d i s c u s s e d .  
4.2 P a r k i n g  I n d i c e s  
An e q u a t i o n  d e r i v e d  f rom T u r n e r ' s  r e l a t i o n s h i p  f o r  peak 
e n t r y  f low index  v e r s u s  r e t a i l  f l o o r  area (RFh), and  t h e  c o r r e l a -  
t i o n  be tween two-way f l o w  and a c c u m u l a t i o n  o b t a i n e d  i n  t h i s  s t u d y  
( s e e  Appendix l ) ,  was d e r i v e d  t o  g i v e  a n  e x p r e s s i o n  f o r  P a r k i n g  
Index  i n  t e r m s  o f  RFA; T a b l e  4.1 g i v e s  v a l u e s  f o r  P a r k i n g  Index  
p r e d i c t e d  by t h i s  e q u a t i o n  f o r  RFA's i n  t h e  r a n g e  1000 t o  5000 
2  m .  
- T a b l e  4.1 P r e d i c t e d  P a r k i n g  I n d i c e s  ( P I )  for  S t o r e s  f r o m  1000 t o  
5000 rn2 R e t a i l  F l o o r  Area  (RFA) 
I n t e r e s t i n g l y ,  t h e  d e r i v e d  e q u a t i o n  g i v e s  a maximum v a l u e  of  
P I  o f  8.47 f o r  a  RFA o f  1660 .5  m 2 ;  a b o v e  t h i s  s t o r e  s i z e  t h e  P I ' S  
become l e s s  - a c h a r a c t e r i s t i c  which  ref lec ts  t h e  p r o p o r t i o n a t e l y  
lower p a r k i n g  demand f o r  l a r g e r  s t o r e s .  For  store's i n  t h i s  
r e s e a r c h ,  t h e  a f o r e m e n t i o n e d  d e r i v e d  e q u a t i o n  predic t s  a  mean P I  
v a l u e  o f  8.11; t h i s  may b e  c o m p a r e d  w i t h  t h e  m e a n s  g i v e n  i n  
T a b l e  3.1 where  t h i s  p r e d i c t e d  v a l u e  c a n  b e  s e e n  t o  s l i g h t l y  
e x c e e d  t h e  h i g h e s t  mean o f  7.71 o b t a i n e d  f r o m  t h e  s u r v e y s  on 
S a t u r d a y ' s .  Thus, t h e  f i g u r e s  f o r  P I  i n  T a b l e  4.1 a r e  r e f l e c t i v e  
o f  "average"  o b s e r v e d  peak  p a r k i n g  demand. 
To t r a n s l a t e  t h e  P I  v a l u e s  i n  T a b l e  4.1 i n t o  d e s i g n  
- s t a n d a r d s  t h e  f o l l o w i n g  f a c t o r s  s h o u l d  be  a l l o w e d  for:- 
RFA (m2) 
P I  (Vehs p e r  100m2 RFA) 
- 
1000 2000 3000 4000 5000 
8 .00  8.42 8.08 7.70 7.37 
(1) Vehic l e  c i r c u l a t i o n  
(2)  F u t u r e  i n c r e a s e  i n  c a r  o w n e r s h i p  t o  a  d e s i g n  yea r  ( s a y  
1990)  
(3)  Change ove r  t i m e  i n  t h e  number of f o o d s t o r e  o u t l e t s ,  
l i n k e d  a l s o  t o  p o s s i b l e  f u t u r e  v a r i a t i o n  i n  t h e  p a t t e r n  of  shop- 
p i n g  behaviour  
I f  f a c t o r s  of  1.11 and 1.19 ( a s  s u g g e s t e d  by Leake and a 
. - 
~ u r n e r ( ~ ) )  a r e  a p p l i e d  t o  t h e  p a r k i n g  I n d i c e s  i n  T a b l e  4.1 t o  
i n c o r p o r a t e  e f f e c t s  due t o  c i r c u l a t i o n  and  i n c r e a s i n g  c a r  
o w n e r s h i p  r e s p e c t i v e l y ,  t h e n  t h e  d e s i g n  P I  v a l u e s ,  when m o d i f i e d ,  
f a l l  i n t o  t h e  range: 9.7 t o  11.1. I t  is p r o b a b l e  t h a t  P l ann ing  
P r a c t i t i o n e r s  w i l l  p r e f e r  t o  s p e c i f y  P a r k i n g  I n d i c e s  i n  t e r m s  of  
a n  o v e r a l l  f i g u r e ,  hence  f o r  s t o r e s  o f  t h e  type s t u d i e d  i n  t h i s  
r e s e a r c h  a  b a s i c  Des ign  P a r k i n g  I n d e x  i n  t h e  r a n g e  10.0 - 11.0 
would seem a p p r o p r i a t e .  
I t  shou ld  be emphas ised  however ,  t h a t  p o s s i b l e  d i s b e n e f i t s  
: d u e  t o  unde r -p rov i s ion  o f  p a r k i n g  space as a  r e s u l t  o f  
u n c e r t a i n t y  i n  f a c t o r s  ( 2 )  and ( 3 )  a b o v e  c a n  b e  a m e l i o r a t e d  i f  
" s t a g e d "  c o n s t r u c t i o n  o f  p a r k i n g  p r o v i s i o n  is a l l o w e d  f o r  i n  t h e  
d e s i g n  of new f a c i l i t i e s .  Thus ,  a r e a s  c o u l d  be  i n c o r p o r a t e d  i n t o  
t h e  p r o p o s a l  f o r  a  new f a c i l i t y  w h i c h  w o u l d  b e  u n p a v e d  ( and  i n  
t h e  i n t e r i m ,  l andscaped)  and would p e r m i t  e x t r a  h a r d - s t a n d i n g  
a t  some f u t u r e  d a t e  s h o u l d  t h i s  become n e c e s s a r y .  
4 . 3  T r a f f i c  Flows 
Peak Two-way V e h i c l e  F lows  f o r  s to res  w i t h o u t  p e t r o l  
f a c i l i t i e s  may a l s o  be o b t a i n e d  f rom t h e  " d e r i v e d n  e q u a t i o n  
r e f e r r e d  t o  above. T a b l e  4.2 g i v e s  v a l u e s  p r e d i c t e d  by t h e  
e q u a t i o n  and shows, f o r  a  r a n g e  o f  s to res  up t o  5000 m2,  t h e  Peak 
Hobr ly  Flows l i k e l y  t o  o b t a i n .  
T a b l e  4.2 Peak  Hour Two-way F l o w s  f o r  S t o r e s  f r o m  1 0 0 0  t o  5000  m 2  
R e t a i l  F l o o r  Area (RFA) . 
RFA (m2)  
Peak Hour Two Way Flow 
Flow Index  (Vehs/hr p e r  
100 m 2  RFA) 
- 
1000  2000 3000 4000 5000 
335  . 5 3 1  694 839 972 
33.6 26.6 23.1 21.0 19 .4  
Again, t h e  c a v e a t s  g i v e n  i n  S e c t i o n  4 .1  a p p l y  h e r e  a l s o .  A s  
w i t h  t h e  v a l u e s  f o r  P a r k i n g  I n d e x  g i v e n  i n  T a b l e  4.1, t h e  Hourly 
Flows p r e d i c t e d  by t h e  " d e r i v e d "  e q u a t i o n  and g i v e n  i n  T a b l e  4.2, 
c a n  be  s e e n  t o  be p r o p o r t i o n a t e l y  less,  p e r  u n i t  a r e a  o f  
f l o o r s p a c e ,  a t  l a r g e r  s t o r e s  t h a n  a t  s m a l l e r  ones.  
4.4 Times and Days o f  Peak A c t i v i t y  
----
1: 
.- - S a t u r d a y  p r e d o m i n a t e s  a s  t h e  peak  d a y  f o r  b o t h  p a r k i n g  
a c c u m u l a t i o n  and v e h i c l e  f l o w  a l t h o u g h  F r i d a y  is more l i k e l y  t o  
be  f h e  peak d a y  f o r  f r e e s t a n d i n g  s t o r e s .  -"  
A c t u a l  t imes  o f  day  a t  wh ich  peak  a c t i v i t y  o c c u r s  is l i k e l y  
t o  b e  q u i t e  v a r i a b l e .  Ev idence  f rom t h i s  s t c d y  s u g g e s t s  t h a t  
t h e r e  a r e  two  peak p e r i o d s  on T h u r s d a y s ,  (4.30 pm - 5.30 pm and 
6.30 pm - 7.30 pm), two o n  F r i d a y s  ( c o v e r i n g  i h e  two  h o u r s  4.30 - 
6.30 pm) and a two hour  p e r i o d  be tween  10.30 am and  12.30 pm on 
S a t u r d a y s .  
4 .5  E f f e c t  - on Evening  Peak T r a f f i c  
An i m p o r t a n t  d e s i g n  f a c t o r  is t h e  amount  of  t r a f f i c  e n t e r i n g  
. and l e a v i n g  a  s t o r e  d u r i n g  t h e  e v e n i n g  r u s h  hour.  An a n a l y s i s  of  
two-way f l o w  a t  each  s t o r e  d u r i n g  t h e  1 5  m i n u t e  t i m e  p e r i o d  
e n d i n g  a t  5 pm, when compared w i t h  t h e  maximum o b s e r v e d  two-way 
1 5  m i n u t e  f l o w ,  ( s e e  Appendix 3)  showed t h a t  f o r  b o t h  Thursday  
and  F r i d a y ,  t h e  a v e r a g e  f l o w  r a t e  e m b r a c i n g  a l l  t h e  s t o r e s  was 
a b o u t  8 0 %  o f  t h e  maximum o b s e r v e d  v a l u e  w i t h  t h e  w i d e s t  s p r e a d  of 
v a l u e s  o c c u r r i n g  on t h e  T h u r s d a y s .  
Because o f  t h e  v a r i a b i l i t y  i n  t h e  r e s u l t s  o b t a i n e d ,  i t  would 
a p p e a r  p r u d e n t  t o  d e s i g n  o n  t h e  b a s i s  t h a t  t r a f f i c  a c t i v i t y  
l e v e l s  d u r i n g  t h e  e v e n i n g  t r a f f i c  p e a k  f r o m  a  s t o r e  is 9 0 %  of  t h e  
maximum Flow Index  v a l u e  o n  b o t h  T h u r s d a y s  and F r i d a y s .  
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A l .  Regression Analyses 
A l . l  . . Corrected Parking Index (CRPI) a s  - a  Funct ion - of S t o r e  S i z e  
The va lues  ob ta ined  f o r  C R P I  were analysed t o  de te rmine  
whether any s imp le  c o r r e l a t i o n s  e x i s t e d  w i t h  s t o r e  s i z e .  Both 
l i n e a r  and non-l lnear  ( l o g a r i t h m i c  and polynomial)  r e g r e s s i o n  
ana lyses  were app l i ed  t o  t h e  da ta .  However, no s t a t i s t i c a l l y  
s i g n i f i c a n t  o r  s e n s i b l e  c o r r e l a t i o n s  were obta ined.  Linear  
r eg re s s ion  gave r e s u l t s  ( i e .  R~ values )  as good as t h e  non- l inear  
approaches. I t  is p o s s i b l e  t h a t  f u r t h e r  a n a l y s i s  may y i e l d  . 
b e t t e t  c o r r e l a t i o n s  by, f o r  example, i nc lud ing  those  s t o r e s  
having s i m i l a r  c h a r a c t e r i s t i c s .  
Table A l . l  shows t h e  l i n e a r  r eg re s s ion  parameters  f o r  CRPI 
versus  R e t a i l  Floor Area (RFA) by day of week. A l l  t h e  s t o r e s  
except one ( t h e  s t o r e  which e x h i b i t e d  a t y p i c a l  veh icu l a r  
a c t i v i t y )  have been included.  F igu res  A l . l  t o  A1.3 d e p i c t  
g r a p h i c a l l y  t h e  l i n e a r  r e g r e s s i o n  equa t ions  p re sen ted  i n  Table 
A l . l  toge ther  w i th  t h e  90 % confidence l i m i t  l i n e s  f o r  t h e  mean 
( inne r )  and i n d i v i d u a l  v a l u e s  ( o u t e r ) ,  f o r  Thursday, Fr iday  and 
Saturday r e spec t ive ly .  By in spec t ing  Table  A 1 . 1  and F igu res  A l . l  
t o  A1.3, i t  can be seen  t h a t  on ly  a  weak r e l a t i o n s h i p  between 
CRPI and RFA has been r evea l ed .  
~ u r n e r ( l )  a l s o  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  of  a  
r e l a t i o n s h i p  between Park ing  Index and s t o r e  s i z e .  Using r e s u l t s  
f rom a  number of s t u d i e s  i n  t h e  U K  he  a l s o  found  t h a t  i t  was n o t  
p o s s i b l e  t o  exp la in  t h e  v a r i a t i o n  i n  Parking Index on t h e  b a s i s  
of s t o r e  s i z e  a lone .  
A1.2 Corrected Flow Index (CRFI) a s  a  Function of S t o r e  S i z e  
- -- ---
Flow Ind ices  were a l s o  analysed by s i m p l e  r e g r e s s i o n  . 
techniques  t o  de t e rmine  whether a s t a t i s t i c a l l y  s i g n i f i c a n t  
r e l a t i o n s h i p  e x i s t e d  w i t h  r e t a i l  f l o o r  area.  The r e g r e s s i o n  
paramekers obta ined a r e  g i v e n  i n  Table  A1.2. 
Table A1.2 shows t h a t  a l though  t h e  r e l a t i o n s h i p s  a r e  no t  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  th_e 95% l e v e l ,  they a r e  
. neve r the l e s s ,  an improvement on those  ob ta ined  b y  req,;essing C R P I  
. on RFA - up t o  n e a r l y  4 4 %  of t he  v a r i a t i o n  i n  C R F I  being 
.exp la ined  by RFA. 
Tablea; Linear Regression Parameters for CRPI versus Retail 
Floor Area by Day of Week. 
- 
Day of NO. stores 
the week in sample Intercept Coefficient* -- R~ 
Thursday 9 6.768 -b.0293 0.039 
Fr iday 11 9.000 -0.0652 ,, 0.108 
Saturday 11 9.969 -0.0826 0.105 
-- -- - - - - - -- - 
.W 
*Coefficient of Retail Floor Area (RFA) where RFA in! m2(x100) 
Table A1.2 Linear Regression Parameters For CRFI versus Retail 
Floor Area by Day of Week. 
Day of No. stores 
the week in sample Intercept Coefficient* R~ 
Thursday 9 7.439 -0.0822 0.255 
Friday 8 9.549 -0.1334 0.435 
Saturday 9 9 .Of39 -0.1049 0.246 
*Coefficient of ~etail Floor Area (RFA) where RFA in m2(x100) 
. 
Table A1.3~ourly Two-way Flow Indices (Vehicles per 100 m2 RFA) 
derived from Predictive Equations 
r . 
Turner (1) x2 I 42.09 36.30 32.91 30.50 28.64 (Stores with petrol & other facilities) 
Predictive Equation 
F L O W  I N D I C E S  
S T O R E  S I Z E (RFA (dl) 
1000 2000 3000 4000 SO00 
This Research 1 32.86 27.52 22.19 16.85 11.52 
(Corrected Flow Index = 4 x (-0.1334 x RFA/100 + 9.549)) 
Turner (2) x2 
(Stores without petrol 
or other facilities) 
33.59 26.54 23.12 20.96 - 19.43 
Figures A1.4, A1.5 and A1.6 give graphical representations 
of the regression lines (again, showing 90% confidence limits for 
both the mean and individual values), £or Thursday, Friday and 
Saturday respectively. 
~urner(l) obtained statistically significant mathematical 
relationships between Flow (in this case Entry Flow), and store 
size by using the values derived for stores in Table 3.4. The 
most statistically significant relationships were:- 
~?. Turner (1) For stores with petrol facilities: 
Hourly Peak Entry Flow Index = 30.67 - 4.18 x ln(RFA) 
(~'=0.79, 6 d.f .) 
Turner (2) For stores without petrol facilities: 
Hourly Peak Entry Flow Index = 36.74 x (RFA)-'.~~ 
(R2=0.99, 3 d.f.1 
where: Hourly Peak Entry Flow Index = Vehicles per 100 m2 RFA; 
RFA = Retail Floor Area (m2) x 100; and 
In = natural logarithm 
Turner's expressions for Entry Flow Index have been used to 
derive Hourly Two-way Flow Indices (by doubling the predicted 
values) for stores in the size range 1000 m2 to 5000 m2 and are 
presented in Table A1.3 with values predicted by the most 
significant relationship obtained by linear regression for this 
study (ie using regression parameters for Friday : see Table 
A1.2). 
From Table A1.3 it is apparent that the simple linear 
relationship obtained for this research predicts Flow Indices 
(CRFI) close to those of Turner's for stores without petrol or 
additional facilities for RFA up to 3000 m2. Above this store 
size however, the difference between Turner's Indices and values 
predicted by the simple linear function for this research becomes 
larger as store size increases - a consequence of the functions 
used in Turner's equations (Power and Logarithmic) versus the . 
Linear form used for this research. 
- 
A1.3 C o r r e l a t i o n  between Accumula t ion  and Flow 
--
The r e l a t i o n s h i p  be tween  a c c u m u l a t i o n  and two-way f l o w  was 
i n v e s t i g a t e d  i n i t i a l l y  t o  p r o v i d e  a  means whereby m i s s i n g  v a l u e s  
o f  v e h i c l e  f l o w  " l o s t '  a t  c e r t a i n  times d u r i n g  t h e  s u r v e y  p e r i o d  
( a s  a  consequence  o f  t h e  methodology)  m i g h t  be r e p l a c e d .  The 
a g g r e g a t e  c o r r e l a t i o n  (ie. t h e  c o r r e l a t i o n  o b t a i n e d  by 
i n c o r p o r a t i n g  a l l  t h e  s u r v e y e d  s t o r e s  i n t o  t h e  r e g r e s s i o n )  proved 
t o  be h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t  and was s u b s e q u e n t l y  used  
t o  d e r l v e  t h e  " s l i d i n g  s c a l e "  d e s i g n  v a l u e s  f o r  P a r k i n g  Index  
g i v e n  i n  S e c t i o n  4 . 2 .  
The r e g r e s s i o n  o f  1 5  m i n u t e  two-way f l o w  on a c c u m u l a t i o n  f o r  
a l l  t h e  s u r v e y  d a y s  and a l l  t h e  s u r v e y e d  s t o r e s  ( a  t o t a l  o f  1117 
d a t a  p o i n t s )  is shown g r a p h i c a l l y  i n  F i g u r e  A1.7. 9 9 %  c o n f i d e n c e  
l i m i t s  f o r  t h e  mean ( i n n e r  d o t t e d )  and  i n d i v i d u a l  v a l u e s  ( o u t e r  
d o t t e d )  a r e  shown. 
The r e s u l t a n t  e x p r e s s i o n  w a s : -  
* 1 5  minu te  2-way f l o w  = 0.574 x ~ c c u m u l a t i o n !  + 33.895 
( *  f o r  p e r i o d  ' n ' ;  ! a t  end of p e r i o d  I n ' )  
The above c o r r e l a t i o n  is s i g n i f i c a n t  a t  t h e  99.9% l e v e l ,  
w i t h  n e a r l y  86% o f  t h e  v a r i a t i o n  i n  two-way f l o w  e x p l a i n e d  by 
p a r k i n g  accumula t ion  ( R ~  = 0 .859) .  
A P P E N D I X  2 
- - - - - - - - - 
T a b l e  A2.1 F r e q u e n c y  D i s t r i b u t i o n s  o f  S t o r e s  whose  Peak  Accumula- 
t i o n a n d T w o - w a y  F l o w  O c c u r r e d  i n  a G i v e n T i m e  P e r i o d  - b y  Day o f  
Week (ALL S u r v e y e d  S t o r e s  I n c l u d e d )  
I I S A T U R D A Y  I 
Time P e r i o d  
1 6 0 1  - 1 6 1 5  
1 6 1 6  - 1630  
1 6 3 1  - 1 6 4 5  
1 6 4 6  - 1700  
1 7 0 1  - 1 7 1 5  
1 7 1 6  - 173'0 
1 7 3 1  - '1745 
1 7 4 6  - 1800  
1 8 0 1  - 1 8 1 5  
1 8 1 6  - 1830  
1 8 3 1  - 1 8 4 5  
1 8 4 6  - 1 9 0 0  
1 9 0 1  - 1 9 1 5  
1 9 1 6  - 1930  
1 9 3 1  - 1 9 4 5  
1 9 4 6  - 2000 
TOTALS 
- - -  - 
Time P e r i o d  A c c u m u l a t i o n ~ T w o - w a y  Flow 
1 0 0 1  - 1 0 1 5  
NUMBER OF STORES W ~ O S E  PEAK OCCURRED I N  TIME PERIOD 
1 4 1 6  - 1 4 3 0  
1 4 3 1  - 1 4 4 5  
1 4 4 6  - 1 5 0 0  
TOTALS 
T H U R S D A Y  
A c c u m u l a t i o n  
1 
1 
1 
2 (1823 :  
1 
1 
3  
1 0  
Two-way Flow 
2  
2  
1 
1 
( 1 8 0 3 )  
1 
2 
1 
1 0  
F R I D A Y  
A c c u m u l a t i o n  
1 
3  
' 1 
2  
( 1 7 4 8 :  
1 
1 
. 2  
1 
1 2  
. ( F i g u r e s  i n  p a r e n t h e s e s  d e n o t e - ' ~ e a n  T i m e s )  
1 2  
Two-way Flow 
1 
1 
1 
1 
'. l ( 1 7 3 6 )  
1 
2  
1 
9  
1 
1 0  
T a b l e  A2.2 Frequency  D i s t r i b u t i o n s  o f  S t o r e s  whose F i r s t  Maximum 
Peak 1 5  m i n u t e  I n f l o w  and  Ou t f low Occurred  i n  a Given Time P e r i o d  
- by Day of Week. (ALL Surveyed  S t o r e s )  
.-. . 
( F i g u r e s  i n  p a r e n t h e s e s  d e n o t e  Mean Times)  
Time P e r i o d  
1 0 0 1  - 1015 
1016 - 1030 
1 0 3 1  - 1045 
1046 - 1100 
1 1 0 1  - 1115 
1116 - 1130 
1 1 3 1  - 1145 
1146 - 1200 
1 2 0 1  - 1215 
1216 - 1230 
1 2 3 1  - 1245 
1246 - 1300 
1 3 0 1  - 1315 
1316 - 1330 
1 3 3 1  - 1345  
1346 - 1400 
1 4 0 1  - 1415 
1416 - 1430 
1 4 3 1  - 1445 
1446 - 1500 
TOTALS 
I n f l o w  
1 
1 
1 
3 
2  (1143 '  
1 
1 
1 0  
S A T U R D A Y  
Out f low 
3 
2 
4  (1226)  
1 
1 0  
A P P E N D I X  3 
- - - - - - - -  - 
A3. E v e n i n q  ( 5  p m ) 1 5  m i n u t e  two-way f l o w  as a  p r o p o r t i o n  o f  t h e  
- - -- 
--- -- 
maximum 1 5  min. two-way f l o w  
-- 
. , The two-way f l o w s  a t  e a c h  s t o r e  d u r i n g  t h e  1 5  m i n u t e  p e r i o d  
e n d i n g  a t  5  pm were compared  w i t h  t h e  maximum o b s e r v e d  1 5  m i n u t e  
two-way f low.  The r e s u l t s ,  s e t  o u t  i n  T a b l e  A3.1 show t h a t  f o r  
b o t h  Thursday  and F r i d a y ,  t h e  mean a v e r a g e  f l o w  r a t e  was  a b o u t  
. . 
80% 0 f . t h . e  maximum v a l u e .  The w i d e s t  r a n g e  was f o r  Thursday.  
. . .  
. - .-. 
. &:.
'. -.;+".: ' . 
. , . _ --: -. ..- .:a 
~ t i d l 6  tk&!*o-way .-.jli 1.5 MinY; s l o w  e b d i n g  a t  5.00 pm a s  a  
~ e . r c e n ' i ~ &  of  t h e  Peak Flow by S t o r e  f o r  Thursday  and F r i d a y .  
. 
- 
STORE Two-way 1 5  min.. Flow a s  a 
& DAY P e r c e n t a g e  o f  t h e  Peak 
THURSDAY % 
1 -- 
2 85.4  
3 -- 
4 90.2 
5  95.7 
6  65.7 
7  73.1 
8  -- 
9 60.6 
10 78 .3  
11 76.8 
1 2  -- 
1 3  81 .4  
- 
Mean = 78.6 
FRIDAY 
-
1 -- 
2 78.3 
3  -- 
4 89.7 
5  87 .1  
6 80.6  
7 85.0 
" 8 -- 
9 89.4 
1 0  81 .5  
11 79.5 
1 2  -- 
1 3  69.8 
- 
Mean = 82 .3  .-, .. 
-! 
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